Abstract. The subject of the investigation reported in this paper is the visualization of three-dimensional (3D) surface models in a 3D mapping survey using terrestrial laser scanning (TLS). The Cangkuang Temple nearby Garut City was chosen as the object. The laser technology instruments used were a Topcon GLS-1000 (Geodetic Laser Scanner) and a Topcon IS (Image Station). Twelve points at the same position in each 3D surface model were selected. The coordinate system of the IS was then transformed into the coordinate system of the GLS-1000 using a 3D similarity transformation model. The 3D distances were calculated for each model. Differences in distance were considered as errors in the x, y, and z direction. The standard deviation of the distance differences was ±0.301 m. Some of the distance differences did not fall within the range of tolerances (about 15%). The 3D surface model visualization of the Cangkuang Temple that was created from the GLS-1000 data was more precise than the one created from the IS data. In the future, such 3D surface model visualizations could be used for documentation, preservation and reconstruction of heritage buildings.
Laser scanning is one of the latest techniques applied in 3D survey and mapping. Currently it is the leading survey technology providing spatial data information. Laser scanning is a process of recording precise 3D information of real world objects or environments. There are many types of measuring instruments that use laser scanning technology with a range of capabilities for a variety of applications [1] . Laser scanning data have a high quality and can be used in various fields, including topographic surveys and industrial environments. The raw data of the spatial information consist of data points in a point cloud system, numbering in the thousands, which can be processed and edited to create digital surface model visualizations, e.g. digital terrain models (DTM), 3D city models, road models, electricity channel models, 3D object models for cultural heritage preservation and historical documentation, etc. The main advantage of using laser scanning as survey technique is that it provides complete facility in data acquisition and that it delivers 3D data. Robotic technology allows the operator to control the instrument from a distance by remote control. Robotic instruments can also automatically and repeatedly measure targets and store the values in memory without the need of an operator. In addition, the data are obtained quickly, so costs can be reduced significantly [2] . Modeling technology for the visualization of cultural heritage objects is currently supported by laser-scanning and robotic technologies. Cultural heritage preservation is very important and therefore cultural heritage objects, such as temples and statues, should be noted and documented in detail. This is necessary in order to be able to reconstruct these objects. Laser scanning technology can be used for modeling, 3D visualization and imagery as forms of documentation [3] .
In recent years, the number of cultural heritage buildings that were documented using 3D survey technology has increased. For example, Altuntas and Yildiz [3] used automation applications for laser scanning the cultural heritage building of Al-Khasneh in the ancient city of Petra, the capital of the Nabataean Kingdom from 400 BC to AD 106, located in southwestern Jordan. The building is often referred to as the eighth wonder of the world, along with the theater buildings in the nearby Roman city of Jerash. Constructed in the 2nd century BC it is one of the best preserved ancient buildings in the world. Karabork, et al. [4] applied alternative modeling, visualization and imaging techniques to a Roman sarcophagus from AD 250-260 using a reflector-less robotic total station survey instrument, with modeling done using commercial software. Grussenmeyer, et al. [5] compared data acquisition methods of tacheometry measurement, photogrammetry and terrestrial laser scanning to record the cultural heritage building of Castle Haut-Andlau (Alsace, France), which was built in the middle ages and documented in the years 2006-2008. Cheong, et al. [6] present a research case study regarding cultural heritage documentation of the historic building Istana Lama Seri Menanti in the royal capital of Negeri Sembilan, Malaysia. Rasztovits and Dorninger [7] concluded that for very accurate 3D modeling documentation, the TLS method should be used to reconstruct surface geometric objects.
The culture of a nation cannot be separated from its historical heritage as a symbol of its identity. Maintenance and preservation of cultural heritage objects such as archeological sites, temples, museums and cultural parks is necessary because they are an important part of the cultural wealth of a nation.
International attention for the existence of sites of high cultural and historical value in Indonesia is evident. The United Nations Educational Scientific and Cultural Organization (UNESCO) [8] The history of temples in Indonesia [9] is inseparable from the history of kingdoms, because the construction of a temple in the past happened in order of a king or a head of government of the nation that occupied the area where the temple was located. After the Dutch colonial era very few ancient relics have been found in West Java. Several historical sites, such as the ruins of ancient buildings in several places in West Java, were discovered about thirty years ago. The Cangkuang Temple is the only temple that has been restored in West Java. It is located in Cangkuang Village, Leles subdistrict, Garut District, West Java, Indonesia ( Figure 1 ). The temple is located on a small island that extends from west to east with an area of approximately 16.5 hectares. The island is located in the middle of a small lake (called situ in Sundanese) surrounded by mountains. To reach the site visitors must cross the water using a raft ( Figure 2 ). The lake's position is at 106° 54' 36.79" east longitude, 7° 06' 09" south latitude and at an altitude of about 600 m above mean sea level. Right beside Cangkuang Temple there is a settlement called Kampung Pulo that was originally surrounded by the lake. At present only the northern part is at the lake, since the southern part was turned into rice fields. Kampung Pulo is a traditional Sundanese settlement and it was included in the cultural heritage area together with the temple because its history and location are unique. Many domestic and foreign tourists visit the site. The Garut District Government has designated the area for cultural and natural tourism. This paper discusses available laser scanner technologies and a comparison by point position of 3D surface models of Cangkuang Temple ( Figure 3 ) that were obtained using two laser technology instruments: a Topcon GLS-1000 (Geodetic Laser Scanner), which is a robotic long-range scanning instrument, and a Topcon Image Station (IS), which is a robotic imaging total station. Analysis was performed of the results of the 3D surface visualization model and specifically of the differences in spatial distance between the 3D surface models generated by each instrument.
Terrestrial Laser Scanning
A terrestrial laser scanner (TLS) is an automatic, ground-based device that uses a laser to measure the 3D coordinates of a given region of an object's surface in a systematic order and at a high rate in near real time [11] . 3D TLS is a relatively new surveying technique. In TLS, instruments are categorized by principle of distance measurement [12] . The distance measurement principle correlates to both the range and the resulting accuracy of the system. The three principal types of scanning technology systems are based on time of flight (TOF), phase shift, and triangulation respectively. Of these three the technique that is most commonly used for outdoors geodetic surveying or measuring building structures is the TOF technique [13] .
In a TOF system, a laser pulse is sent out and a portion of the pulse is reflected from a given surface and returns to the unit ( Figure 4 ). The distance to the surface is calculated from the time of flight of the pulse. The distance to the surface can be calculated using the following formula [14] :
with c = speed of light in air (m/sec) t = time between sending and receiving the signal (sec)
The raw observables in TLS are: range (r), horizontal direction (φ) and vertical angle (θ) ( Figure 5 ). Many scanners also record the intensity of the reflected laser signal at each point, which is thus the fourth observable. By scanning the scene, one obtains a large collection of densely spaced and regularly sampled points (point cloud), which may contain as many as several thousands of points. The point cloud is a collection of XYZ coordinates in a common reference system that portrays to the viewer an understanding of the spatial distribution of a subject or site [11] .
Figure 4
Time-of-flight laser scanner principle [14] .
Figure 5
The principle of TLS and laser scanner observables [11] .
The relationship between the raw observables (r, φ, θ) and the coordinates (x, y, z) can be expressed as follows [11] :
where r j, φ j and θj are the measured range, horizontal direction and vertical angle, respectively, to the j-th point in the point cloud, while (x j , y j , z j ) are its rectangular (Cartesian) coordinates in the scanner (instrument-fixed, designated by the subscript i in X i ) coordinate system. Point clouds obtained from each setup are referenced to the instrument-fixed i.e. internal coordinate system of the scanner ( Figure 6 ). This coordinate system can be defined as follows:
• origin: at the instrument's electro-optical center,
• z-axis: along the instrument's vertical (rotation) axis, • x-axis: along the instrument's optical axis with an arbitrary horizontal angle,
• y-axis: orthogonal to the two previous axes, so that a right-hand system is formed.
Figure 6
Laser scanner coordinate system [11] .
In general, multiple scanning positions are necessary to cover the entire surface of an object. To obtain a complete representation of the scanned object, the different point clouds should be transformed into a common coordinate system, i.e. the coordinate system of a chosen scan. This procedure is called registration, whereby the registered scans are combined in one dataset [11] .
Hence, transformation between the different scans is required. The transformation (Eq. 3) consists of 7 parameters -3 rotation angles (R), 3 translations (T) and a scale (m) [15] :
In [1] it is explained that registration is the transformation of multiple scans into a common coordinate system (CS), the CS of a chosen scan. Take two scans of an object taken from different positions. In order to be able to register the two scans they should have an overlap. In order to transform the CS of Scan 2 into the CS of Scan 1, one must determine the transformation parameters of the two coordinate systems, as depicted in Figure 7 . The transformation parameters are 3 translations along 3 coordinate axes (ΔX, ΔY, ΔZ) and 3 rotations around the 3 coordinate axes (ω, ϕ, κ) called the rigidbody transformation parameters (i.e. no scale factor). This transformation is also called a 3D Helmert transformation without a scale factor. In order to be able to integrate the TLS data into geospatial data, the registered point cloud of the whole object has to be transformed into a geodetic coordinate system (local or national). This procedure is called geo-referencing [11] .
In this study, performing direct registration means that the position and orientation of the scanner were directly computed using the software of the respective instruments.
Point cloud processing means a process of transforming the raw registered point cloud into a final deliverable. These deliverables come in a wide variety of formats: cleaned point cloud data, standard 2D drawings and fully 3D texture models. Through 3D point cloud processing, the deliverables can be extracted straight away by creating a 3D surface model from the point cloud. In data improvement, the first step in the meshing process is removing noisy data from the point cloud [14] . The product from the 3D modeling process is a meshed surface model that is created by connecting all the obtained points in the point cloud with small triangles. In this way a surface model or mesh is generated. This mesh is the interpolation of the points in three dimensions, which creates a full surface representation.
The Topcon GLS-1000 [15] is a pulse-based laser scanner designed to manage the practical aspects of the job site. With a scan range of up to 330 m, the GLS-1000 is a versatile tool that allows laser scanning in many different work environments. It is a robust scanner that sends out a laser beam that measures 3000 points per second (pts/sec). The GLS-1000 has the ability to input, occupy and back-sight known real-world coordinates on board. Its operation requires no need to bring a Total Station to locate positions for point cloud registration later at the office, because it has the ability to input known points, elevations and back-sight, so the point clouds obtained can be registered in the field. The GLS-1000 is equipped with ScanMaster software, which is used for scanning control, 3D visualization and point cloud registration. The scanned data can be exported in a wide variety of file formats for compatibility. However, in this study the Cyclone 5.5 software was used. For the 3D surface model visualization AutoCAD LDD 2009 was used. The Topcon Imaging Station (IS) [16] is a scanning, robotic, reflector-less imaging station. Topcon's IS combines the best of two worlds: advanced imaging and high-accuracy surveying, incorporating real-time field imagery with spatial data. The IS's functionality is controlled using Topcon Image Master software. The high-speed measurement grid scan obtains 3D data by automatically scanning at a specified pitch within a specified area. Using Topcon's image analyzing software, 3D models can be created from the data. Intelligent Scan automatically recognizes significant features in the images. Its 20 pts/sec scan rate and its 2000 m precision reflector-less range are ideal for most applications. With Topcon Image Master software, triangulated irregular network (TIN) images can be formed from 3D point cloud data and it is Topcon GLS-1000 Topcon Imaging Station possible to create texture-mapped 3D models of objects. Additionally there are Image Drive, for visually operating the instrument from the controller and easily switching from imaging to prism tracking, and Independent Control, for allowing complete control from a computer, WiFi and compatible devices.
Both laser instruments are shown in Figure 8 .
Each instrument's capabilities are summarized based on the technical specifications issued by the manufacturer (Figure 9 ).
Figure 9
Topcon GLS-1000 [15] and Topcon Imaging Station [16] specifications.
Topcon GLS-1000 Topcon Imaging Station

Methods and Results
First, scan-stations were set up around the temple at 5 fixed points ( Figure 10 ). Scanning from the scan-stations was done with both instruments, the GLS-1000 and IS. The GLS-1000 was able to scan the entire object from 4 scan-stations, while the IS required 5 scan-stations to obtain the overlapping point clouds needed to create a 3D model. 
GLS-1000 data IS data
Scanning with the GLS-1000 was done using Cyclone 5.5 software with the grid scan method, while with the IS it was done using TopSurv software. The scan rate was 20 pts/sec for the IS and 3000 pts/sec for the GLS-1000. The point cloud density setting was 10 mm for the IS and 2 mm for the GLS-1000, resulting in 3D solid model visualizations as shown in Figure 12 . During processing, the point clouds from the different scan positions were linked together and were registered subsequently.
After scanning, all point cloud data were downloaded. The data from each instrument were stored in AutoCAD format.
The AutoCAD 2009 software was used to obtain a visualization of the 3D model from each instrument. One of the first results was a realistic illustration of the temple (Figure 11 ).
Filtering was done manually, i.e. by identifiying objects that are not needed and removing them, such as a tree or other objects. The geo-referencing process was not performed, because the point cloud data from both instruments have their own coordinate systems.
A 3D solid model was obtained using the Rapidform 2006 software and the created visualization of the 3D solid model was compared with a photographic image of the temple. For comparison, the 3D solid model visualizations from each instrument are shown along with a photographic image in Figure 12 . Next, twelve points were selected with the same point position in both 3D models. A sample of the selected points on the object is shown in Figure 13 .
GLS-1000 data IS data Photographic image Figure 13 Selected points on temple.
The 3D coordinate values of the twelve selected points from each 3D model derived from the GLS-1000 and IS data sets were determined using the AutoCAD 2009 software. The results are shown in Table 1 . The IS coordinate system was transformed into the GLS-1000 coordinate system. A 3D similarity model transformation was used (Eq. 3), which consists of 7 parameters: 3 rotation angles (R), 3 translations (T) and a scale (m). Three is the minimum number of common points required in order to solve for the seven transformation parameters. In this study, four common points were used and a least-square solution was applied.
where:
X, Y, Z = point coordinate after transformation x, y, z = point coordinate to be transformed m = scale factor R = 3×3 orthogonal rotation matrix (T x, T y , T z ) = coordinates translation of the origin of the xyz coordinates in the XYZ frame.
The rotation matrices about the x, y, and z axes are:
R=
� cos cos cos sin sin + sin cos sin sin − cos sin cos − sin cos cos cos − sin sin sin sin sin cos + cos sin sin − cos sin cos cos �
where ω, ϕ and κ are the rotation angles in radians about the x, y and z axes respectively.
Based on the distribution of the twelve selected points, four representative points, namely points 2, 3, 4, and 7, were selected to be used for calculating the transformation parameters. The results are shown in Table 2 . The twelve points from the IS coordinate system were transformed into the GLS-1000 coordinate system using the transformation parameters in Table 2 and thus positions were obtained for the twelve points from the IS coordinate system in the GLS-1000 coordinate system, as displayed in Table 3 . The spatial distances between the twelve points from the GLS-1000 coordinate system and the twelve points from the IS coordinate system were calculated after the transformation had been executed. From the coordinates of the twelve points in the two 3D models within the coordinate system of the GLS-1000, 66 spatial distance values were obtained for each model, as displayed in Table 4 . 
Analysis and Discussion
According to the spatial distance values between the twelve points from each 3D model (Table 4) , the distance differences were calculated. The results are shown in Figure 14 . Distance number 1 had the smallest value (-0.002 m), which was the distance from point 1 to point 2. Distance number 20 had the largest value (-1.036 m), which was the distance from point 2 to point 11. The mean value of the distance differences was -0.061 m and the standard deviation was ∆ = ±0.301 m. Of all of the 66 spatial distances, ten spatial distance numbers were not within the tolerance range, namely the spatial distance numbers 7, 8, 9, 10, 11, 17, 18, 19, 42, 20, and 21.
As a result of the capabilities of each instrument, the object relief of the 3D surface model visualization created from the GLS-1000 data had more detail than that of the model created from the IS data. This is because the density of the point clouds from the GLS-1000 data was denser than that from the IS data. In addition, there are some possibilities that some of the data were deleted in the filtering process.
Conclusion
The surveying of culture heritage objects based on laser scanning technology not only reduces the time for fieldwork but also provides 3D surface model visualizations. The object relief of the 3D surface model visualization created with the Topcon GLS-1000 was more detailed than that of the visualization from the Topcon IS. The random error of a number of distance differences did not fit within the range of tolerances -about 15% of all spatial distance differences -because of the possibility that some points from the GLS-1000 model and the IS model were not exactly in the same position while determining the twelve selected points for each model. The results of this study demonstrate that TLS technology can be used for cultural heritage documentation, preservation, and reconstruction of cultural heritage buildings in the future, but for optimal results the TLS technology requires accurate applications and proper instruments. On the basis of this case we recommend the Topcon GLS-1000.
